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NON-ORIENTED ELECTRICAL STEEL
SHEET AND METHOD FOR
MANUFACTURING NON-ORIENTED
ELECTRICAL STEEL SHEE'T

TECHNICAL FIELD

This disclosure relates to a non-oriented electrical steel
sheet and a method for manufacturing the same.

BACKGROUND

Non-oriented electrical steel sheets are materials used for
iron cores of electrical equ1pment To increase the efliciency
of electrical equipment, 1t 1s effective to lower the 1ron loss
of electrical steel sheets. In order to reduce the 1ron loss, 1t
1s eflective to add an element having a large specific
resistance, such as Si1, Al, or Mn. Among these, Al 1s suitable
for achieving both 1ron loss reduction and blanking work-
ability improvement since 1t causes a large increase 1n
specific resistance, yet a small increase 1n strength.

However, Al-added steel has the problem of poor recy-
clability. Specifically, use of Al-added steel as scrap material
causes deterioration of electrodes of the electric furnace,
leading to lower recyclability of products.

For better recyclability, it 1s thus preferable to reduce Al
in steel sheets, and there 1s a demand for electrical steel
sheets having excellent magnetic properties even with low
Al concentrations.

To address these 1ssues, for example, JP2004277760A
(PTL 1) proposes a technique for obtaiming excellent mag-
netic properties by controlling Cu sulfides 1n low-Al steel.

CITATION LIST
Patent Literature

PTL 1. JP2004277760A

SUMMARY
Technical Problem

In recent years, demands for reducing the iron loss of
non-oriented electrical steel sheets are becoming more strin-
gent. To meet the demands for lower 1ron loss, performance
of final annealing at a high temperature of 900° C. or higher
1s desired. This 1s because when the final annealing 1is
performed at a high temperature of 900° C. or higher, grains
in the steel sheet are coarsened, grain boundaries that inhibit
domain wall displacement are reduced, and as a result the
iron loss decreases.

In this regard, since the technique of PTL 1 1s focused on
improving grain growth in final annealing or stress relief
annealing performed at a relatively low temperature, sufli-
cient i1mprovement 1n magnetic properties cannot be

expected when final annealing 1s performed at temperatures
as high as 900° C. or higher.

To advantageously solve the above 1ssues, it could be
helptul to provide a non-oriented electrical steel sheet that
can exhibit excellent magnetic properties and low iron loss
properties even when 1t 1s formed from low-Al steel on
which high-temperature final annealing 1s performed with a
view to lowering 1ron loss, as well as a method for manu-
facturing the same.

Solution to Problem

The following provides a description of the circumstances
that led to the proposal of the disclosure.
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A steel that contains, 1n mass %, as basic elements, C:
0.003% or less, S1: 1.9%, Mn: 0.5%, Sol. Al: 0.001% or less,
P: 0.02% or less, N: 0.005% or less, and O: 0.005% or less,
and that further contains, 1n mass %, Cu: 0.01% to 0.10%,
S: 0.0001% to 0.005%, and Se: 0.0001% to 0.002%, was
vacuum melted in a laboratory to prepare an ingot. The ingot
was subjected to hot rolling and cold rolling to form a steel
sheet having a thickness of 0.5 mm, which 1n turn was
subjected to final annealing at a heating rate from 100° C. to
700° C. of 80° C./s in which the steel sheet i1s retained at
970° C. for 10 s, to thereby obtain a product sheet (non-
oriented electrical steel sheet).

The magnetic properties of the product sheet thus obtained
are as 1llustrated 1n FIGS. 1 and 2. The % representations 1n
the figures are 1n mass %.

Here, 11 fine Cu sulfides or Cu selenides are present in the
steel sheet microstructure, a pinning eflect 1s caused during
a heat treatment such as final annealing. When a pinning
ellect occurs, growth of secondary recrystallized grains
during final annealing 1s hindered, which impedes reduction
of 1ron loss of the steel sheet.

As 1llustrated 1n FIGS. 1 and 2, where the Cu content 1s
below 0.02 mass %, no clear influence 1s noticeable that 1s
caused by the inclusion of S and Se. The reason for this 1s
considered to be that 1f fine Cu sulfides or Cu selenides are
present 1n the steel, such Cu sulfides or Cu selenides are
dissolved 1n a solid solution through final amleahng per-
formed at high temperature, and no pinning etfect occurs.

On the other hand, where the Cu content 1s 0.02 mass %

or more, reducing the content of S and Se brought about a
significant iron loss improving eflect.
Generally, when the content of Cu 1s huigh, the amount of Cu
sulfides or Cu selenides produced increases. Thus, even with
high-temperature annealing, 1t 1s diflicult to completely
dissolve Cu sulfides or Cu selenides, and fine Cu sulfides
and Cu selenides tend to remain i the steel sheet. Such
residual fine Cu sulfides or Cu selemdes induces a pinming
ellect, which hinders effective growth of secondary recrys-
tallized grains. This 1s considered as the cause of increased
iron loss of the steel sheet. Accordingly, 1n this case, the
pinning force was decreased by reducing the content of S
and Se to eliminate fine Cu sulfides or Cu selenides 1n the
steel, and this might reduce the iron loss. In particular, when
the content of S+Se 15 0.0010 mass % or less, the resulting
iron loss reducing etlfect 1s remarkable.

In addition, where the Cu content 1s 0.02 mass % or more,
reducing the content of S and Se improved the magnetic flux
density (B.,). The reason for this i1s not clear, yet one
possible cause 1s presumed to be that as a result of reduction
of the content of S and Se, the amount of S and Se present
at grain boundaries was decreased, the sites at which Cu
could segregate were increased, and the grain boundary
segregation of Cu was promoted, whereby the steel sheet
gained an improved recrystallization texture.

We further examined the above findings and completed the
disclosure.

Specifically, the primary features of this disclosure are as
described below.

(1) A non-oriented electrical steel sheet comprising a

chemical composition containing (consisting of), in mass %,
C: 0.005% or less, S1: 1.0% to 4.5%, Mn: 0.02% to 2.0%,

Sol. Al: 0.001% or less, P: 0.2% or less, S+Se: 0.0010% or
less, N: 0.005% or less, O: 0.005% or less, and Cu: 0.02%
to 0.30%, and the balance consisting of Fe and incidental
impurities.
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(2) The non-oriented electrical steel sheet according to
(1), wheremn the chemical composition further contains

either or both of Sn and Sb 1n a total amount of 0.01 mass
% 10 0.20 mass %.

(3) The non-oriented electrical steel sheet according to (1)
or (2), wherein the chemical composition further contains
one or more selected from the group consisting of Ca, REM,
and Mg 1n a total amount o1 0.0001 mass % to 0.01 mass %.

(4) A method for manufacturing a non-oriented electrical
steel sheet, the method comprising: hot rolling a steel slab to
form a hot rolled sheet, the steel slab comprising a chemical
composition containing (consisting of), in mass %, C:
0.005% or less, S1: 1.0% to 4.5%, Mn: 0.02% to 2.0%, Sol.
Al: 0.001% or less, P: 0.2% or less, S+Se: 0.0010% or less,
N: 0.005% or less, O: 0.005% or less, and Cu: 0.02% to
0.30%, and the balance consisting of Fe and incidental
impurities; then, optionally, subjecting the hot rolled sheet to
hot band annealing; then subjecting the sheet to cold rolling
either once, or twice or more with intermediate annealing
performed therebetween, so as to have a target thickness;
and then subjecting the sheet to final annealing, wherein the
final annealing includes a heating process that 1s performed
under a condition of a heating rate from 100° C. to 700° C.
of 40° C./s or higher and a final annealing temperature of
900° C. to 1100° C.

(5) The method for manufacturing a non-oriented electri-
cal steel sheet according to (3), wherein the chemical
composition further contains either or both of Sn and Sb 1n
a total amount of 0.01 mass % to 0.20 mass %.

(6) The method for manufacturing a non-oriented electri-
cal steel sheet according to (4) or (5), wherein the chemical
composition further contains one or more selected from Ca,
REM, and Mg 1n a total amount of 0.0001 mass % to 0.01
mass %o.

Advantageous Effect

According to the disclosure, it 1s possible to obtain a
non-oriented electrical steel sheet that can exhibit excellent
magnetic properties even when 1t 1s formed from a system
with reduced Al to which high-temperature annealing 1s

applied.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawings:
FI1G. 1 illustrates the relationship between the content of

S and Se and the magnetic property (1ron loss) of product

sheets; and
FIG. 2 illustrates the relationship between the content of

S and Se and the magnetic property (magnetic flux density)
ol product sheets.

DETAILED DESCRIPTION

The present invention will be described 1n detail herein-
alter.
At first, the reasons for the numerical limitations on our steel
components are described.
The “%” presentations below indicating the steel compo-
nents shall stand for “mass %” unless otherwise specified.
C: 0.005% or Less
C precipitates as carbides and causes an increase in 1ron loss.
Thus the C content needs to be reduced as much as possible.
From the perspective of suppressing the magnetic aging of
the steel sheet, the C content 1s set to 0.005% or less. No
lower limait 1s placed on the C content, yet from the view-
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point of suppressing the decarburization cost, the C content
1s preferably 0.0001% or more.

S1: 1.0% to 4.5%
S11s an element that increases the specific resistance of steel.
As the S1 content increases, the i1ron loss decreases. To
obtain a suihlicient iron loss reducing eflect, the S1 content
needs to be 1.0% or more. However, an S1 content exceeding
4.5% 1s problematic as it leads to a decrease 1n magnetic flux
density and an increase in hardness. Therefore, the Si
content 1s set to 1.0% to 4.5%. Considering the balance
between 1ron loss, magnetic flux density, and blanking
workability, the S1 content 1s more preferably 1.5% or more.
The S1 content 1s more preferably 3.0% or less.

Mn: 0.02% to 2.0%
Mn 1s an element that suppresses the hot shortness of steel
and increases the specific resistance of steel. To obtain this
eflect, the Mn content needs to be 0.02% or more. However,
if the Mn content exceeds 2.0%, carbides precipitate and the
iron loss ends up increasing instead. Therefore, the Mn
content 1s set to 0.02% to 2.0%. The Mn content 1s prefer-
ably 0.15% or more. The Mn content 1s preferably 0.8% or
less.

Sol. Al: 0.001% or Less
Sol. Al (acid-soluble Al) forms fine AIN and causes an
increase 1n 1iron loss. Therefore, the Sol. Al content needs to
be 0.001% or less. The Sol. Al content 1s more preferably
0.0005% or less. No lower limit 1s placed on the Sol. Al
content, yet an industrially preferred Sol. Al content 1is
approximately 0.00001%.

P: 0.2% or Less
P 1s an element that increases the hardness of steel and that
can be used for adjusting the hardness of products. However,
if P 1s excessively added beyond 0.2%, the steel becomes
brittle, and cracking tends to occur in cold rolling. There-
fore, the P content 1s limited to 0.2% or less. The P content
1s more preferably 0.1% or less. No lower limait 1s placed on
the P content, yet an industrially preferred P content 1s
approximately 0.0001%.

S+5e: 0.0010% or Less
S and Se are elements that form fine sulfides and selenides
and cause an increase 1n iron loss. Since Cu 1s added to the
disclosed steel, its influence 1s particularly significant. In
order to reduce 1ron loss, the content of S+Se needs be
reduced to 0.0010% or less. The content of S+Se 1s more
preferably 0.0005% or less. By controlling the content of S
and Se within this range, 1t 1s also possible to efliciently
bring out a magnetic flux density improving effect by adding
Cu.
The S content and the Se content are preferably reduced to
0.0005% or less and 0.0001% or less, respectively. No lower
limit 1s placed on the content of S+Se, yet an industrially
preferred content 1s approximately 0.00001%.

N: 0.005% or Less
N forms fine nitrides and causes an increase in iron loss.
Therefore, the N content needs to be 0.005% or less. The N
content 1s more preferably 0.003% or less. No lower limit 1s
placed on the N content, vet an industnially preferred N
content 1s approximately 0.0001%.

O: 0.005% or Less
O increases oxides and causes an increase 1n 1ron loss.
Theretore, the O content needs to be 0.005% or less. The O
content 1s more preferably 0.003% or less. No lower limit 1s
placed on the O content, yet an industnally preferred O
content 1s approximately 0.0001%.

Cu: 0.02% to 0.30%
Cu 1s one of tramp elements whose content increases as
recycling of iron proceeds. The present disclosure positively
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utilizes this Cu. Cu produces fine sulfides and selenides and
causes an increase in iron loss, yet, on the contrary, it also
has the effect of improving recrystallization textures and
reducing 1ron loss. To obtain the 1ron loss reducing effect, the
Cu content needs to be 0.02% or more. However, adding Cu
beyond 0.30% causes surface defects. Therefore, the Cu
content 1s set to 0.02% to 0.30%. The Cu content 1s more
preferably 0.05% or more. The Cu content 1s more prefer-
ably 0.10% or less.

Either or Both of Sn and Sb: 0.01% to 0.20% in Total
Sn and Sb have the eflect of improving the recrystallization
texture and the magnetic flux density of steel.

However, 11 the total content of one or two elements selected
from Sn and Sb 1s below 0.01%, the addition eflect 1s
limited. On the other hand, 1f the content exceeds 0.20%, the
addition eflect reaches a plateau. Therefore, the total content
of one or two elements selected from Sn and Sb 1s preferably
0.01% or more. The total content 1s preferably 0.20% or less.

One or more selected from the group consisting of Ca,

REM, and Mg: 0.0001% to 0.01% 1n total
Ca, REM, and Mg are elements that form stable sulfides and
selenides, and by adding one or more of these elements to
the disclosed steel, even better iron loss properties can be
obtained.
However, 1f the content of one or more selected from the
group consisting of Ca, REM and Mg 1s below 0.0001%, the
addition eflect 1s limited. On the other hand, if the content
exceeds 0.01%, the 1ron loss increases instead. Therefore,
the total content of one or more selected from the group
consisting of Ca, REM, and Mg is preferably 0.0001% or
more. The total content 1s preferably 0.01% or less.

In the disclosure, 1t 1s desirable to minimize the amount of
fine Cu sulfides and Cu selenides. That 1s, the number
density of Cu sulfides and Cu selenides having a diameter of
10 nm to 200 nm is preferably 10/um* or lower in total.

In the disclosure, the number density of fine Cu sulfides

and Cu selenides 1s determined by electrolysis of a central
layer 1n the thickness direction of a sample, observation of
the replica under a TEM (transmission electron microscope),
and analysis of precipitates with EDX (energy-dispersive
X-ray spectroscopy). In the disclosure, the calculation of the
number density of the precipitates was conducted assuming
that the total charge used in the electrolytic process in the
replica production process was consumed to convert Fe to
Fe** and that all the residues (precipitates) obtained in the
clectrolytic process were captured by the replica.
Those precipitates having a diameter of 200 nm or more do
not exert a significant influence on the magnetic properties,
and may thus be excluded from the measurement. Addition-
ally, precipitates having a diameter of 10 nm or less may also
be excluded from the measurement, since they are dithcult
to analyze with EDX and are so small in number within the
range specified in the disclosure that only a minor influence
1s exerted on the magnetic properties.

The following provides a description of a manufacturing,
method according to the disclosure. Note that conditions of
manufacturing non-oriented electrical steel sheets and the
like other than those specified below may be determined by
known methods for manufacturing non-oriented electrical
steel sheets.

A slab may be produced from a molten steel adjusted to the
above-described preferred chemical composition using a
usual 1ngot casting and blooming method or a continuous
casting method. Alternatively, a thin slab or thinner cast steel
with a thickness of 100 mm or less may be produced using,
a direct casting method. Then, the slab 1s heated 1n a usual
way and hot rolled to obtain a hot rolled sheet. At this point,
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the slab may be immediately subjected to hot rolling without
being heated after casting. After the hot rolling, the hot

rolled sheet 1s further subjected to a heat treatment (hot band
annealing) i which the hot rolled sheet 1s retained 1n a
temperature range of 700° C. to 900° C. for 10 minutes to
10 hours, or 1n a temperature range of 900° C. to 1100° C.
for 1 second to 5 minutes, which may achieve a further
improvement in the magnetic properties. In the disclosure,
such heat treatment may be omitted from the viewpoint of
cost reduction.

Thereatter, the hot rolled sheet 1s subjected to pickling,
then to cold rolling either once, or twice or more with
intermediate annealing performed therebetween, so as to
have a final sheet thickness, and to subsequent final anneal-
ing to form a steel sheet. From the perspective of iron loss
reduction, final annealing 1s performed at a high temperature
of 900° C. or higher. This 1s because when the final anneal-
ing 1s performed at 900° C. or higher, grains are coarsened
and grain boundaries that inhibit domain wall displacement
are reduced, which fact 1s advantageous for reducing iron
loss. However, an annealing temperature exceeding 1100°
C. leads to problems such as metal pickup. Theretfore, the
final annealing temperature 1s set 1n a range of 900° C. to
1100° C.

In the disclosure, it 1s also possible to obtain a good iron
loss reducing etlect by setting the heating rate from 100° C.
to 700° C. during a heating process in the final annealing to
40° C./s or higher.

The reason for this i1s not clear, yet one possible cause 1s
considered as follows.

When the heating rate in the above-described temperature
range during a heating process in the final annealing 1s low,
recrystallization of {111} oriented grains preferentially pro-
ceeds in the steel and crystals with {100} and {110}
orientations are reduced accordingly, which are favorable 1n
the context of the disclosure as being advantageous for
improving magnetic properties. This tendency 1s particularly
conspicuous under the condition that {111} oriented grains
in the steel become predominant, for example, when hot
band annealing 1s not performed or when the cold rolling
reduction 1s large. The heating rate from 100° C. to 700° C.
1s preferably 100° C./s or higher.

No upper limit 1s placed on the heating rate, yet from the
perspective ol suppressing investment in heating equipment
such as IH and electrical heating, the heating rate i1s prei-
erably 500° C./s or lower.

After the final annealing, an mnsulating coating 1s optionally
applied to the steel sheet to obtain a non-oriented electrical
steel sheet as a product sheet. In the disclosure, known
insulating coatings may be used. For example, inorganic
coatings, organic coatings, 1norganic-organic mixed coat-
ings, and the like can be selectively used according to the

purpose.

EXAMPLES

Steel slabs having the chemical compositions listed in
Table 1 were heated at 1120° C. for 20 minutes, and hot
rolled to form hot rolled sheets. Then, some of the hot rolled
sheets were subjected to hot band annealing and subse-
quently to cold rolling, while the others were directly
subjected to cold rolling without being subjected to hot band
annealing, to thereby form cold rolled sheets having a
thickness of 0.35 mm. These cold rolled sheets were sub-
jected to final annealing under the conditions of a tempera-
ture of 950° C. and a holding time of 10 seconds, in an
atmosphere with a dew point of —40° C. where H,:N,=20:80
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(a ratio 1n vol %). Then, insulating coating treatment was
carried out to prepare product sheets.

The hot band annealing conditions and the heating rate from
100° C. to 700° C. during the heating process 1n the final
annealing are listed in Table 1. In addition, test pieces of 280
mmx30 mm were collected from the product sheets and
subjected to magnetometry 1n accordance with the Epstein

test method prescribed in HS C 2550-1:2011.

8

The magnetometry results are also listed 1n Table 1.
Moreover, the diameters of Cu sulfides and Cu selenides
were measured with the above-described method, and the
number densities are listed 1n Table 1. In the table, the
5 number density of Cu sulfides is the number density per um~
of Cu sulfides having a diameter of 10 nm to 200 nm, and
the number density of Cu selenides 1s the number density per
um” of Cu selenides having a diameter of 10 nm to 200 nm.

TABLE 1

Steel sheet composition (mass %o)

No. C S1 Mn Sol. Al P N O Cu S Se S + Se Others
1 0.0020 1.83 043 0.0005 0.08 0.0018 0.0028 0.06  0.0005 0.0002 0.0007 —
2 0.0020 1.83 043 0.0005 0.08 0.0018 0.0028 0.06  0.0005 0.0002 0.0007 —
3 0.0020 1.83 043 0.0005 0.08 0.0018 0.0028 0.06  0.0005 0.0002 0.0007 —
4 0.0018 1.86 0.36 0.0002 0.06 0.0021 0.0029 0.01 0.0004  0.0001 0.0005 —
5 0.0016 191 046 0.0004  0.05 0.0013 0.0016 0.06  0.0015 0.0002 0.0017 —
6 0.0019 1.88 042 0.0008 0.07 0.0016 0.0019 0.05  0.0005 0.0009 0.0014 —
7 0.0023 2.04 046 0.0015 0.02 0.0014  0.0022 0.06  0.0003 0.0002 0.0005 —
8 0.0014 192 0.39 0.0002 0.05 0.0055 0.0025 0.05 0.0004  0.0001 0.0005 —
9 0.0008 1.83  0.35 0.0005 0.06 0.0023 0.0062 0.06  0.0003 0.0002 0.0005 —
10 0.0021 1.88  0.51 0.0001 0.06 0.0017 0.0026 0.06  0.0003 0.0001 0.0004 Sb: 0.07
11 0.0008 1.93 0.39 0.0003 0.05 0.0023 0.0018 0.05 0.0002 0.0002 0.0004 Sn: 0.04
12 0.0011 192 042 0.0003 0.04  0.0021 0.0014 0.05 0.0002 0.0001 0.0003 Ca: 0.0034
13 0.0013 194 042 0.0002 0.04  0.0015 0.0013 0.04 0.0004  0.0001 0.0005 Mg: 0.0005
14 0.0014 1.89 045 0.0002 0.03 0.0018 0.0015 0.03  0.0003 0.0001 0.0004 REM: 0.0024
15 0.0018 1.75 0.56 0.0003 0.07 0.0016 0.0013 0.05 0.0004  0.0001 0.0005 —
16 0.0018 1.75 0.56 0.0003 0.07 0.0016 0.0013 0.05 0.0004  0.0001 0.0005 —
17 0.0018 1.75 0.56 0.0003 0.07 0.0016 0.0013 0.05 0.0004  0.0001 0.0005 —
18 0.0009 1.63 049 0.0003 0.06 0.0009 0.0021 0.01  0.0003 0.0002 0.0005 —
19 0.0026 1.68 045 0.0002 0.06 0.0028 0.0024 0.05 0.0016 0.0001 0.0017 —
20 0.0021 1.72  0.53 0.0001 0.07 0.0019 0.0023 0.06  0.0005 0.0007 0.0012 —
21 0.0014 1.61 0.61 0.0018 0.04  0.0018 0.002 0.07  0.0002 0.0001 0.0003 —
22 0.0016 1.63 049 0.0002 0.06 0.0059 0.0012 0.06  0.0006 0.0001 0.0007 —
23 0.0027 1.64 0.56 0.0004  0.06 0.0021 0.0058 0.07  0.0003 0.0002 0.0005 —
24 0.0018 1.62 0.55 0.0001 0.07 0.0013 0.0029 0.06  0.0002 0.0001 0.0003 Sb: 0.02
25 0.0014 1.69 0.52 0.0004  0.06 0.0022 0.0019 0.06  0.0002 0.0004  0.0006 Sn: 0.12
26 0.0013 1.52 049 0.0002 0.02 0.0011 0.0014 0.05  0.0002 0.0002 0.0004 Ca: 0.0045
27 0.0012 1.63 048 0.0006 0.05 0.0013 0.0016 0.05 0.0003 0.0002 0.0005 Mg: 0.0008
28 0.0015 1.58 049 0.0003 0.06 0.0018 0.0012 0.06  0.0002 0.0001 0.0003 REM: 0.0018
Hot band Final Heating rate from Number Number
annealing annealing 100° C. to 700° C. density of Cu  density of Cu
Temp. temp. in final annealing sulfides selenides Wisiso  Baso
No. (°C.) Time (° C.) (° C./s) (counts/um?) (counts/um?) (W/kg) (T) Remarks
1 1000 30 950 100 3 3 2.431 1.728 Example
2 1000 30 950 40 3 3 2.463 1.725 Example
3 1000 30 950 20 3 3 2.543 1.716 Example
4 980 30 950 100 2 1 2.642  1.708 Comparative Example
5 995 30 950 100 11 2 2.678  1.709 Comparative Example
6 1010 30 950 100 2 11 2.789  1.703 Comparative Example
7 1000 30 950 100 2 3 2.623  1.707 Comparative Example
8 990 30 950 100 2 2 2.673  1.702 Comparative Example
9 1000 30 950 100 2 2 2.614 1.708 Comparative Example
10 1000 10 950 100 2 1 2.413 1.735 Example
11 990 10 950 100 3 2.409 1.742 Example
12 1000 15 950 200 . 1 2.326  1.737 Example
13 1000 30 950 200 1 1 2.351 1.738 Example
14 970 5 950 200 1 1 2.376  1.736 Example
15 N/A NA 950 100 2 1 2.514 1.726 Example
16 N/A N/A 950 40 2 1 2.543 1.721 Example
17 N/A NA 950 20 2 1 2.599 1.711 Example
18 N/A N/A 950 100 2 2 2.764  1.673 Comparative Example
19 N/A N/A 950 100 2 1 2.836 1.678 Comparative Example
20 N/A N/A 950 100 2 11 2.864 1.675 Comparative Example
21 N/A N/A 950 100 1 1 2.799  1.669 Comparative Example
22 N/A N/A 950 100 4 2 2.823  1.665 Comparative Example
23 N/A NA 950 100 3 2 2.845  1.668 Comparative Example
24 N/A N/A 950 100 2 1 2.456 1.732 Example
25 N/A N/A 950 100 2 3 2.465 1.736 Example
26 N/A N/A 950 200 ] ] 2.421 1.731 Example
27 N/A N/A 950 200 2.418 1.729 Example
28 N/A NA 950 200 2.425 1.732 Example
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As can be seen from Table 1, those product sheets
satistying the requirements of the disclosure provided non-
oriented electrical steel sheets that exhibited excellent mag-
netic properties, despite each being formed from a system
with reduced Al to which high-temperature annealing had
been applied.

The 1invention claimed 1is:

1. A method for manufacturing a non-oriented electrical
steel sheet, the method comprising:

hot rolling a steel slab to form a hot rolled sheet, the steel

slab comprising a chemical composition containing, 1n
mass %, C: 0.005% or less, S1: more than 1.5% and

4.5% or less, Mn: 0.02% to 2.0%, Sol. Al: 0.001% or
less, P: 0.2% or less, S+Se: more than 0% and 0.0010%
or less wherein both S and Se are present 1n an amount
greater than 0%, N: 0.005% or less, O: 0.005% or less,
and Cu: 0.03% to 0.08%, and the balance consisting of
Fe and incidental impurities, and a number density of
Cu sulfides and Cu selenides having a diameter of 10

nm to 200 nm is 10/um” or lower in total; wherein both 20

Cu sulfides and Cu selenides are present in an amount

greater than 0/um-;
then, optionally, subjecting the hot rolled sheet to hot

band annealing;

10
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then subjecting the sheet to cold rolling either once, or
twice or more with intermediate annealing performed
therebetween, so as to have a target thickness; and

then subjecting the sheet to final annealing, wherein the
final annealing includes a heating process that 1s per-
formed under a condition of a heating rate from 100° C.
to 700° C. of 40° C./s or higher and a final annealing
temperature of 900° C. to 1100° C.

2. The method for manufacturing a non-oriented electrical
steel sheet according to claam 1, wherein the chemical
composition further contains either or both of Sn and Sb 1n
a total amount of 0.01 mass % to 0.20 mass %.

3. The method for manufacturing a non-oriented electrical
steel sheet according to claim 2, wherein the chemical
composition further contains one or more selected from Ca,
REM, and Mg 1n a total amount of 0.0001 mass % to 0.01
mass %o.

4. The method for manufacturing a non-oriented electrical
steel sheet according to claam 1, wherein the chemical
composition further contains one or more selected from Ca,
REM, and Mg 1n a total amount of 0.0001 mass % to 0.01

mass %o.
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